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ABETRACT

The effects of lozping and sssociated woad eopstrietion on four Califarnis ffout and sabmon
sireame were fnvestigated from 1906 threush 1968, This study iorloded messoromonts of stream-
bed sedimentation, water quality, fish {eod abundunce, and stredm vursery capacity. Logzing
wis found to be eompatible with anudromons #sh productinn when ademquate attention wos given
to atream protection and chammel cleoronee. The varrying capacities for juvenile sulmomids of
some stream sections were focregeed when kigh temperatures, low dissolved oxvgen concentrn-
fions, and adverse sedimentation did not accompany logging. Extensive use of bulldozers oni
steep slopes for foad building and fn stresm chamels durdng  debris emoval canssd exeessive

streambied  sedimemtation in nerrew elresms

durtion vn the Pacific Coaet ate discussed,

IETROLUCTION

A major concern of resource managers on
the Pacific Coast of the United States and
British Columbia has heen the effect of fim-
ber harvest and assoviated road construction
on salmon and trout. At first intevest focused
on log jams blocking salmon (Oncorhynchus
spp.) and steelhead trout (Salmo goirdneri)
from their spawning grounds. California re-
snlved this problem by a law requiring clear
paszage for fish and by a log jam removal
program (Mongold, 1964). Then interes
shifted to demage caused by bulldozers work-
ing in sireambeds and slong stream banks
(Calhoun, 1962, 1966) and to erosion result-
ing from improper toad and skid trail con-
struction on steep terrains | Cordone and Kel
lev. 1961: Calhoun, 1967, In July 1966, the

“This =tudy was performed as t af Dingall-
Johnson Califormia Projeot F-10-R, “Salmonld Stream
Study,” eupported by Federal Ald 1o Figh Restoration
fumis.

Sustgined ing}ﬂng prolinged edverse conditions
in ane stream and defaved stream recovery.. Other gapecls o

lgring ou unndromous {ish pre-

California Department of Fish and Game ini.
tiated b study m novthern California watersheds.
to determine the effects of logeing and asso.
ciated road building on stream salmonids,
This report describes the study iram 1966
throngh 1969 and summarizes the resulting
conolusions about sreambed sedimentation,
water quality, fish {ood abindance. and stream
nursery capacity.

STIUDY AREA

Four smunll streatns on the northern Califor.
nia coast were chosen for study (Figure 11

Bummer Lake Creek, South Fork Yager Creek,

Litle North Fork Nove River, and South
Fork Caspar Creek, They are located within
40 km of the ocean and drain watergheds
ranging: from 425 o 2,511 ha (Table 11,
The watersheds are relativelv steep. with can-
yon sides having mean slopes ranging from
36 to 49%. The coastal climate is character-
ized by heavy winter rainfall and dev sum-
mers. Mean annoal precipitation varies from
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102 to 7T em. Alr temiperatures are cooled
by dense. recurrent fogs. with the mean maxi-
mum femperature in July being abour 21 €
| Durenberger, 19601, Soils in these drain-
ages are predominately loam and moderately
vrodible. The combination of steep slopes,
heavy minfall, and crodible soils ronders these
watersheds unstable. The watersheds are for
ested with redwood {(Sequoin sempervicens)
and Douglas fiv | Prewdotsaga menziesii )
Streamflows fluctuate seazonally, with fresh-
ets peourring from November o March, and
intermittent flows ave common in the head-
waters luring the summer. Minimum stream.
flows range from 1.7 1o 14.2 liters ‘sec. These
small streams are fmportanl spawning and
nursery areas for colio (slver) salmon (On-
corhynchus kisuteh ), steelhead trout. and cut-
thirnat trout | Safmo efarli) . Seulpins | Cottus
spp. ) and throespine sticklehack (Gasterostens
aculeatus) inhabit some of the streams. Coho
sialmon spawn from November through Jan-
wary. Young almon emerge from the gravels
from Febroary through May and usually
spiend & year in the stream before emigrating
to the neean. Steelhead tront spawn from
December to May. Their voung emerge from
April to June and remain in the sfream from

il Bomn, andd Smith, 19715, Only Sootli Pock
sepvin] durlng water quelity samphing.  Sowth Fork
i Theooens smd

r Creek generally reihes & pactmmen Aoe el abeage 118G ltves fvee Iy the wlnter (Ziemer, Eoim

1 to | years hefore emigrating lo the veecan
( Shapovalov and Taft 19541, Cutthroat trout
form both resident and anadromous popula-
tions in California streams from the Eel River
north. Culthroat trout spawn from October
to May, and their young follow o stream life
similar 1o that of rainbow trout | DeWitt
19541, Fishing pressure on juvenile salmonids
is negligible in these streams.

METIIODS

Each stream was studied for three summers
befure, during, and after either logging or
voad building. This season was selected e
cause it ie u critical period for the survival of
stream-dwelling salmenids. Living space is
lismited by streamflow, water temperatures gre
highest, and most logeing oceurs in the sum-
mar.

Streamflow and stream  dimensions  were
megsured  svstematically within each study
stream section (Burns, 19717, Water quality
was monitured periodically after logging, while
stream temperatures were recorded cach sum-
mer | Kopperdahl, Burns, and Smith, 19719,
Spawning bed sedimentation was measured
i Burns, 19701, using techmiques similar to
those of MeNeil and Ahnell 11964). The
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Fieope L—Map of the northern California coast
showing the location of etudy streams

abundanee of juvenile salmemids was esti-
mated at selected times in the summers of 1964
to 1060 (Burns, 1971). Tish were captured
with a battery-powered, DG, back-pack shocker
and populations  estimiited by the Peter-
sen single-census, mark-and-recovery method
[Davis, 19641 or by the two-catch, removal
method  (Seber and LeCren. 1967). The
abundance of bish food and the summer Tood
habits of salmonids in South Fork Caspar
Creek were determined (James Burps, John
Brode, and Gary Smith, MS5; Hess, 1069).

EFFECTS OF LOGEING AND ABSOCIATED
ROAD BUILDING ON FOUR CALITORNIL
STREAMS

Bummer Loke Crenk

Bummer Lake Creek flows through private
lands into the Smith River syetem. near the
California-Oregon border (Figare 11. A por-
tion of its old growth forest was elear cut in
alternate blocks on the southwest slope of the
glream in the summer of 1968 (Figure 2);

58.000 m® of redwood and Donglas fir tim-
ber were harvested from 110 ha. Logs were
varded by high lead away from the stream op
to the road and by bulldoszer above the road,
The average horizontal distance hetween the
stream and the road was 120 m, and there
were no sfream crossings. A hulldozer was
operated in the streambed for the removal of
loge and ather debris from the 1,524-m study
section.

StreamIlow ranged Trom TES to 3.5 liters/
sec and stream surface area [rom 0.357 to
0.730 ha during the September surveys (Table
2). Water temperatures remained cool after
the logging apd never excepded 183 €. In
the clear cut blocks bordering the stream,
water temperatures were 44 C higher than
they were in the uncut section upstream. In
the cut sections, stream temperatiires inereased
P0G me In the uneat block between the
two cul blocks, stream temperatures cooled
0.5 CA100 m: thus, heyond this shaded area.
temperatures were 2.2 C cooler. Water quality
remained within limits tolerated by salmonids,
No abnormal concentrations of oxvgen, ear-
Lion dioxide, pH, alkalinity, chloride, sulfate
nitrate, phosplate, or tannin and lignin were
detected (Kopperdahl et al., 1971) .

The mean percentage of spawning bed sed-
iments smaller than 0.8 mm  diameter in-
creased from WL2 to |3.3% aflter the logging
i Burns, 19701, but the increase was not statis-
tically significant at the 5% level (Student's
t-test |, The bulldozing of logeing debris from
thee streambed did nol fill i pools erode the
stream banks, or cause any adverse conditions,
The slight increase in fine materinls was
probably due (o erosion on the cut slopes, Ap-
parently the wide stream channel and boulder-
and-cobble bottom prevented the bulldozers
from gouging the stream channel.

Fish popalations were not adversely affected
Iy the logging. The hivmass of salmonids was
slightly lower during the logging and increased
after it 1 Table 3). The 9% increase in sal-
mogid blomass o 192 kg ha, however, was
within the range of matural variation in umn.
logged California streams | Burns, 19710,
Yearling and older tront were Tewer alter the
logging, but young-ofthe-year were more
abundant. (Steelheatd and cutthroat trout pop.



i TRANS. AMEHR. FISH. S04, 197 N(L |

Fittne 2 - \etig 1l vimw of il |_|-|L|mn 1| ||n' “u'!]nlm L._]\r I r|=|,=\_ Wil :-hl‘:.l; LALLH. :|_|._q||,_|_|r-- a0 |t‘J| rut |_|||n k=
while darker Tmrfln- are moout blecks. The white ing represents the stroom and s forks flowing wost.  Thn
sty section extends rom the lorks 1523 in downstreani throughi the sscond ot hlock.

Taimg 2 —Hmesiadons of the Rummer Lefe Cresl atydy sectinon during the September aurveys

B N Stremmitiow Ly [ o Hiidlet surfuce Vinlwm

Wirai Conilition | T moe b ) arit B ) s | ha LA

10T Unilisiggesd 4.5 L3284 L4610 0270 b

| ES Tywo mmiaihe witer 3.0 1.524 IGEN 1,025
loampritn

T e mieinktlin 0 132} Lh e 0217 TE

sredanm oeRd

Tawie 3—Population densitics, mieon fork Tingths, i alaodurs numbers ol solmoneids fn Bummer Lol

Creek

Stesllmad rombuw widl gonst cistthreal Bron

'hlul:u;au]-lil- AL Yeartboe wmrl wliles Calae sibpsian
Sursey Mt '\I ek Xt Mean bovk Neame  Means lork
date i wm b et kr'bal  bmacth { mm Mok thg hal length dim P Nombar®
Separrmtun % T T 1 &S0 ld  TTTLTI-1%4) 1.00E a4 BERETSTI) Ie
1967 1l TR a0 2549 TWi=1200) 1540 (22T -308)
Sapebein by B E-6a] 2914 0. IEi112-1141 T 015 0 iaZ-11 1.1E4
15 1205631341 5.5 [FE . Y | .85 POAA-1A%T)
Septeniber .83  BZ{B1-0:3) 5155 e 130 E25-139) 450 0,0 TOiRA-TA) 111
1865

{28700 (S0TE-0332)  F14A8) (315-323 T OE-1244

0% comdticence inparvils in pareniheses



*

BURNS

EFFECTS OF LOGGING ON STREAMS 5

Fustine 8,
the stream Tlowing north to main Yager Creek. Black lines sutline area of forest which waz selectively logged.
A Linffer strip wae [eft along the stream

ulations were pooled because of the difTioulty
i, identifying juveniles in the fHeld; of the
older fish that could be identified, about 75%
were culthrogt.) All eze groups of trout had
longer mean lengths after the logging., Coho
salmon formed a marginal popolation in tas
streamy anid  showed conziderable population
fluctuation. Their mean length did not changee
signilicantly atter the logging. Sculpins alzo
increased in bomass after the logeing, from
1.3 kg/ha in 1967 to 6.2 i 1968 and 21.8 in
1964,

Acrial view of 4 portion of the South Fork Yaser Creek watershed, Center white ling represeints

Sereeth Fork Yager Creef

South Fork Yager Creek [ows through
private lands into the Van Duzen-Eel River
Syslem, south of Eurcka. California (Figure
1. Old growth Hmber was cul selectively in
the summer of 1968 from the mouth of South
Fork Yager Creek upstream 360 m and over
an area of 305 m oon each =ide of the stresm
(Figure 31, Eighty percent of the timber
volume was cot from the original volume of

VL m®) Lo \'uru“ll;_.' was done with bull

Tapee d—Dimensions of the South Fork Yaper Creek study section durtng: the August suroeys
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TanLke 5—Population densities. moan Jork lengehs, and  whsolute nombers of steslliead rombow trout @
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dozers, Great vare was taken to protect the
stream during the logping. Riparian vegeta-
tion, including merchantable redwood and
Donglas fir trees leaning toward the stream,
was not eut, and heavy equipment did oot
enter the stream. Roads and landings were
bailt away from the stream oo low zradients,

Streamflow ranged from 1LY (o 2004 liters
sev and stream surface area from L271 fo
0,326 ha during the August surveys | Tahle 1),

Warer temperatures did not increase after the
logging. Temperatures were high in all years,
usually reaching 21.5 C in the summer. The
profection of viparian vegetation along the
streamn prevenled stream temperatures Trom
increasing to lethal levels after the logging.
Mo abnormalifies in water quality. were de-
tected after the logeing (Kopperdahl et ol
19711,

The mean percentage of spawning bed sedi-

p
[Ay)

Little Norsn Fors Moyo River

—=—= Pre 366 Rood )

- 1866 Road Consfruction
. —— SGS Road Consfruchon

Watershed Boundary

Fievng d—Diearum of Linde North Tk Noyo Hiver road construction.
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Froume 5
road on the right of the photograph was huilt in 1966,

ments amaller than 0.8 mm diameter ineregzed
from 10:) to 22,17 after the logging: however.
this increase was not due to the logging but
was due lo the release of sediments from the
callapse of o tree jam-and-rock barier op-
stresm from the study section | Burns, 19701,

Fish populations increased after the logging
[ Table 51, The biomass of all age groups of
steelhead  troud their mean
lengthe were longer after the logging, The
1065 jnerease in lnomass of steelhead trout (o
36.1 kg 'ha was preater than the natural range
of fluctuation in unlogeed streams.
data from an upstream area indicateg that this
stream was not at carrving capacity during the

increased and

|‘]ul.l.1".‘r‘r.

prelogzing population census (Burns, 19710
anid, therefore, the entire increase cannot be
attributed 1o the logzing, Scolpin and stickle-
back populations decreased after the logging
from 2.3 kg/ha in 1967 to 0.9 in 1968 and
0,0 1 19609,

Little North Fork Nove River received

anelderable alteration during road construction. Thi
while the

road &f the top was boilt in 19659

Little: North Fork Noyo River

Little North Fork Novo River [lows through
private lands into the Novo River, near Fory
California  (Figure 1). Tts second-
crowth logged 100 vears ago) redwood and
Donglas fie forest has been subjected to selec.
tive logging sinee 1964 (Figure 41, Thirty
percent of the timber volume has been re
moved from 542 ha of watershed sinee 1966.

Brage.

A bulldozer worked in or near the 1L53530.m
studv section doring road construction  and
right-ofoway logging in the fall of 1960 and
i the spring of 1% (Figure 5). Yarding
was done with bulldozers, Average distance
Teom the road to the stream was 23 m. There
was one bridge erossing at the opper end of
the study seetion.

Streamflow ranged from 2.2 to 7.3 liters
=¢v and stream surface area from 0600 to

(L ha during the October surveys (Table
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Tarce G—Lombined dimensions of the Joar stedy arcasin Lite Fork Nova Biver during the October surneys
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fil. The selective removal of timber along the
stream opened the forest canopy and une
doubtedly increased stream lemperatures;
however. instrument damagse and malfune-
tions prevented collection of stream lempera-
ture data before the road construction. Tem-
peratures after the read constructon and
logeing. however, did not exceed 211 € No
abnormalities in water quality were detected
after the logging (kopperdahl ef al,, 19711,

Bulldozer activities increased stream tur-
bidity and spawning bed sediments. After a
light rain in November 1964, turbidity reached
53 ). T. U. (Kopperdahl et el. 1971), Two
vears after the vonstruction of an all-weather
road adjacent to the stream, the mean per-
centage of sediments smaller than 0.8 mm had
inereased from 2000 to SLO% (Burns, 19701,
After a secomd road had been constructed on
the other side of the stream anld the streamside
seloctivelv logged, sediments smaller than 0.8
mm increased to 33.3%. These increases were
statistically - significant at the 5% signifi-
cance level | Student’s ttest}. The pebbles and
small gravel composing the narrow stream
channel were easily gouged, leaving a heavily
silted streambed, with the stream [lowing slung
two bulldozer tracks (Figure 61,

Fish populativns decreased as watershed
and stream disturbances progressed on Little
North Fork Nove River (Table 71, Steslhead
trout mmmbers remained about the same, bul
the trout were smaller after the logging, and
consequently their biomasz decreased 12%.
The nuombers and biomass of coho salmon de.
creased more markedlv. Biomass decressed
(5%5. even though the average weight of coho
salmon increased as population densities de-
creased. The total biomass of salmonids de-
creased 62% 1o 3 kz/ha and this decresse

was sreater than that ol unlogged streams
(Burns. 19710 . Sculpin abundance decreased
sach time the streambed hecame heavily silted.
but the sculpins were quick lo recover. Before
the road constroction there were 1.6 kotha,
and 24 months after road construction there
were 116 ke ha, Immediately after the 1969
stream digturbances, the sculpin population
was down to (0.4 kg ha,

Sowth Fork Caspar Creek

Caspar Creek, which flows through Jackson
State Fovest just south of Fort Bragg, receivid

t—Aftr a bolldozer operated in the
eteegmbed of Little North Fork Nove River, the

Fieirae

streginfiow  split inls twe separale chmnels, sanh
[ormed by bulldeser tracks
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Tanee 7. —Population densities, memn weights, and alisalute munmbers of solmonids in Little North Fark Novo
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more-attention than the other study streame
since there was an interagency program (L. 5.
Forest Service, California Division of For-
estry, California Department of Water Re-
sources, Hombaoldt State College, and Califor-
nin Department of Fish and Game) to deter-
mine the effects of road consteoction on
streamflow, sedimentation, fish life, and fish
habitar (11 8 Forest Service, 1965},

The South Fork’s second-growth [orest of
redwood and Douglas fir was disturbed by 6.0

ki of road construction in the summer of
1967 (Figure 7). WNineteen thousand-four
hundred m of sawlozs were harvestad and
18,800 mw® of road materinls moved during the
roar right-of-way construction. The road waz
built adjacent to the stream, ramging from
four bridge crossings (Figure $) to 76 m at
the furthest point from the stream. Road ma-
tevials were side-cast into a portion of the
shream and 79 moof the stream were relocated,

.M

Soulh Fork Cospor Creek

—— Pre 1967 Rood
meween |GET Bood Construchen

Watershed Boundary

TFrzune 7 —Digeram of South Fork Caspir Cresk road construction.
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Frome 8.—Soutll Fork Caspar Creek, showing one of the four hridge croszings and the stream distarhanne
reanlbing from hridge comstruntion.

A bulldezer operated theoozh 1% of the  were fertilized with ures and seeded with
5008.m study section during the yarding of  pual rve grass (Elvmus sp.) at o rate of 56'kg
logs mnd the removal of dehris. Most of the ha. No logging trucks wsed the road after the
fill slopes, secondary roads, and streambank  first summer, Rond slides occurred during

Tanie E—Dimeanuons of the Souph Fork Cospor Creel studly section during the fune and Octolier surievs
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the winter and road repair was necessary in
the springs of 1968 and 1969,

Streamflow ranzed from 1228 to 2.3 liters)/
sec and stream surface area from (U636 10
1,396 ha during the June and October sur-
veys (Table 81, Prior to the road construe-
Hene the amount of solar radiation received at
some slations ulong the stream was lesz than
3% of the tutal available at that latitude. Even
ane elear davs. about half of the stream re-
eeived less than 10% of the available radiation
becarze of the dense streamside vezetative
canopy, Absolute values ranged from 7 to 276
langleys ‘day (DeWitt. 1968). After the road
construction some stations along the South
Fork received 140% more radiation than they
had previously, The absolule average in-
vreased 98 langlevs day, Increased solar ro-
diation inereased stream temperatures.. Water
temperatiures ineressed as much as 111 € dur
ing the road construction at 2ome South Fork
statjons  (Hese, 1969, The maximum ab.
served temperature was 25,5 € (DeWit 1968,
The maximum preconstruction femperature al
the downstream end of the siudy =ection was
13.9 € (Kabel and German, 19671, while the
postednstrielion maximum for this station was
211G

Duaring  the logging.  dissolved oxvgen
dropped to 5 ppm in some isolated pools with
decaying slash, while undisturbed stream see-
tions had 10 ppm (Richard Brandon, Hum.
boldt State College, pers, comm. . In August
1968, 11 months alter cessation of the nght-
of-way logging, the concentration of carhon
dioxide was 8 ppm (Kapperdahl ¢ af,, 19711,
However, this level of carbon diexide i= not
lethal to salmonids (MeKee and Wolf, 19637,
The ineregse in carbon dioxide probably re-
sulted from decomposition of logging slash in
the =ztreambed. Unlogged streams on the
eoast had concentrations of carbon dioxide of
less than 2 ppm during this same period (Kop-
perdahl et el 19711, Other concentrations
af chemicals within South Fork Caspar Creek
were generally normal.

High turbidities were localized in areas
where a bulldoger was working in the stream
during bridge copstruction,  Silt extended
only & short distance downstream from the
disturbance and the stream cleared quickls
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upon cossation of hulldozer activities, Dhring
a moderately heavy rainfall in the first winter
after road constroction, erosion aud slippage
of the road cansed turbidities of 3.000 ppm
and deposition of as mach as 00 m of sedi.
ment in the stream {Hess, 19697, The volume
of sediments smaller than 0.8 m increased
from 206 to 3L2Z% immediately after road
construction. The newt summer this class of
sediments returned o the predisturhbance level,
Twentvawo months later, however, this class
of sediments was up o 28.5%., Thee changes
In streambed composition were statistically
significant al the 5% ziznilicance level. The
initial increase in 1967 followed extensive use
of a bulldozer to clear the stream of logging
debriz  (Figure 9). The narrow streambed
compased of small mnaterials was particularly
susceptible fo- degradation. Erosion was less:
ened the first winter and spring by planting
amunl rve grass on the stream banks. fill
slopes, and skid trails. Without excessive era-
sion, accumulated  sediments  were  scoured
from the riffles by the summer 1968, The
increaze in 1969 pesulied [rom erosion of the
streambank, side castz, anid zfides,

The road constroction and  rightoloway
logzing were immediately detrimental o most
aquatic invertebrates in South Fork Caspar
Creek, although conditions favored Diptera
and Plecoptera 1 1. W. Burns. ]. M. Brode, and
G. E. Smith, MS). lnereases in these two
orders offset the losses in other invertebrates.
causing an increase in benthos from 2086 mg,
m* to 634 mg'm* (120% increasel immedi-
ately after the road eonstruction and fertiliza-
tion with BI7 kg nwren. Narth Fork Caspar
Creek (an unlogged. second-growth stream
used az ane of the controls for this stody ) alen
showed & 120% increase in benthps: there
[ore, the immediate incresse in the South
Fork cannot be interpreted as being caused
by the road eonstruction and fertilization (],
W. Burns. ]. M. Brode, and G. E. Smith, M5,
Recolonization of the Seuth Fork was rapid
and. within two years, the South Forks bey.
thos increased 270% over the preroad con-
struction bivmass, The North Fork's hembos
imereased only 64% during the same period
iJ. W. Burns, J. M. Brode, and G. E. Smith,

WS). Ephsmeropters took longer to recover
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Frune 9.—South Fork Caspar Creek was grosily aliered by road copstruction, The prinury. couse of dam-
age was the operation of builldoress I the stream chaunel,

than didd most other insect orders, Trichop
tera recovered rapidly and along with Plecop-
tera and Diptera made up thi majority of the
South Forks benthos, Trchopters drift in-
ereased more than drilt of other orders after

the road constrietion. The oceurrence of ter-
reatrial organizms in the drift appeared to be
intfluenced only shishily by the dizturbance,
The total drift increased 47% by the frsl
spring after the road construction and 100%
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TapLe 9-—FPopufation densities, mean fork lengths, and obsolute numbers of safmonids in Sonth Ferk

Caspur Creek

Stealhead rainbow ot

Young-nf-rhe-viay

Vearling sml oldey

Colus salmon

Survey Mo ! Mean Tork N i Meim fork T Mean tork
dute (kg/ha ) lengih (omin M Nombser {hg'ha ) longth {(non ! Nomber'  (kgdhag deogth (o b S beed
Juse 60 CET{36-38) 10,183 011 HE{TH=-03) 673 L 47 {45—48) LRI
1867 111,581 (850710855} {1286} 1A62-0841 (1.0 (SE1 -GG
ctober 028 50 {48-52) 1,436 002 1240112-155) 106 0,21  58i56=6) 1,055
1957 (4,843 (E3 131558 14,53 {B3=117} (5451 BEI-1114]
umE 132 43 4344 6580 004 H5 {92-09) 176 (LI A5 {450 2.A10
s RUESE {B4T73-0687)  {3.65) (L1-81Y) [7.42) (2483-256E)
Ocbobie 058 BE{ET-AN 2,063 LN Y N N T B B A 51 032 B4 05-55) 1.283
1968 By (2307=2419) (3.13 (33-R2) ENL | 1244-1323)
Jupe 143 A7 (48=4B) ma12 008 N2 {§0-04) 407 77 51(30-532) 5,036
1869 (L7.081 (GEIE-0TRE] {3701 (BRA-511 1La (4RI
Oretobr 0.1 571(56-38) 45,224 g 11T E10T=113) 141 4S8 54 (53-55) 1,885
1568 [LE07) 13153=32493) {5.23) M1-181) (B.08) [1B4n-1921)

VESRS contidarnce mtervels i porentheses.

by the second spring. The weight of insects
dropping intn the South Fork doubled over
the preroad construction values | Hese, 1060,
The preatest inerease was in those having
afuatie immature stages, the increase being
exceptional in Trichoptera and  Diptera.
Agpuntic orzanisms were more important in the
diets of steelhead troul and eoho salmon than
were terrestrial organizms. Diptera became
more important in the diets of South Fork
salmonids after the road construetion,
Salmonid populations decreased immedi-
ately after the road construction (Table 97,
Recovery began the following spring and by
the second spring the salmonid hiomass was
only720% lower than the predisturbance bio-
mass of 38,0 kg'ha, All age groups of sal-
monids had greater mean lengths after the
rond construction, The road construction may
have teduced the total vield of ccho salmon
and steethead troul smolts n 1968 and 1069,
because of high mortality of both species and
the premature emigration of yearling and older
steelhead trout in 1968 |Graves and Burns,
19701, Population changes in the summer
{June to October) were highest in 1967, when
the road was built into the South Fork’s water-
shed,  The population of voung-of-the-vear
{Age +) steelhead trout decreased 85%, older
(Age 14) steelhead trout decreased 84%, and
voho salmon decreased B2%. These rates wers
much higher than the average decreases of
65% for Age + steelhead trout. 68% for Age
1+ steethead (rout, and 55% for cobo salmon

in 1968 and 1969, The vversummer loss of
South Fork salmonids was also higher than
the decrease ohserved for the same period in
North Fork Caspar Creek. In the summer of
1967, these were 69, 23, and B6% for the re-
spective species and age groups in the North
Fork (Burns, 1971), Some of the decrease
in the South Fork in 1967 may have resulted
fram emigration of some large steelhead troul
from the study area to the pools formed behind
the streamflow gaging and fish trapping fa-
vilities. Downstream mizrant census data for
the spring of 1968 sugzest that these pools
provided refuge for a few tish during road
conslruction (Graves and Burns, 1970). In
the strict sense, then, not all of the decrease
was mortality. In 1968 downstream migrants
in both the North and South Forks were moni-
tored from June to October. Only young-of-
theyvear fish entered the traps, with 6 steel-
head trout and thres coho salmon trapped in
both forks. These data supgest thal few fish
normally migrate downstream in Caspar Creek
during the summer. The combined smalt
vield of steelhead rout and coho salmon In
the South Fork for the spring of 1968 was
20% lower than the preroad construction smolt
vield, but was within the range of other Cali-
fornia streams (Graves and Burns, 1970),
Stickleback biomass fluctuated widely during
the study, showing an overall increase after the
rioad copstruction.  June and Oetober  bio-
masses were: (L2 to (L7 kg ha in 1967, 6.6 1o
25 in 1968, and 1.7 10 5.0 in 1964,
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DISCUSSION

Studies of the effects of logging reported
from California, Alaska | Sheridan and Me-
Neil, 1968; Mechan, Farr, Bishop. and Patric,
19691, and Oregon (Hall and Lantz;, 1969)
sugzest thal logzing is compatible with anad-
romous fish production if adequate attention
ia given (o stream and watershed protection
and channel clesrance. Under special cireum-
stances, stream salmonid production can even
bie enhuneed by logging. Cold streams; shaded
by dense forest canopies are nol optimum
trout habitals (White and Brynildson, 19671,
Thinning the riparian canopy sllows a greater
total =olar radiation 1o reach the stream. rais-
ing lemperatures a few degrees | viz. Bommer
Lake Creek ). and increasing the production of
bacteria, almee, and the inscot= upon which
fish feed (viz., South Fork Caspar Creck).
Salmonid biomass increased in two California
streams | Bummer Lake Creek and South Fork
Yager Creek) after the streams were carefully
fu;‘;ged.

Temperature increases can be predicted and
modifisd by leaving shade along the stream
{Brown. 196%1. A dense understory or buf.
fer strip (e.g. South Fork Yager Cresk) can
offectively keep lomperatures cool. Alternat-
ing cut and uncut sections ez, Bummer
Lake Creek) can be used to control tempera-
tures, Increases are at least partially reversible
if the warmed water passes throogh shaded
areds.

Logging often results in higher summer
streamilow | Rothacher, 1965: Hikbert, 1967),
providing more living area for juvenile sal-
menids and thereby increasing the fish vear-
ing capacity of the stream. [ protective log.
ging is compatible with lish production, then
what logeing activities are incompatible or
need special attention? Chapmun (19627 re-
viewed many of the effects of logging on
fishery respurces; many of his points are re-
viewed here and others observed in this study
and in Oregon ( Hall and Lantz, 1969 are dis
cussed.

Removing too tuch of the forest canopy,
such as cutting all or a major portion of a
watershed, can have drastic tesults for sal-
monids. Warmed waters entering the main
stream from several logged tributaries may

increase main stream lemperstures  beyond
those tolerated by =almonids. Temperatures
above 25 C for extended periods are ususlly
lethal to salmonid= { Bret, 19521, Streams can
reach lethal emperatures vr, more commaonly.
levels which increase metabolic rates and main-
tenanee reguirements. incrense pathogendc ac-
tivity. and decrease the solubility of oxygen.
These dangers are even more critical inland.
away from cooling influences of coastal foz.
Temperatures of Californis streams within the
constal fog belt did not exceed 21 € for ex-
tended periods.  Trout prodoction in some
sections of Berry Creek, Oregon, was not in-
oreased by removing the forest canopy, even
though the amount of solar radiation reaching
the clesred sections was triple that reaching
the shaded sections. Algal production wae
much higher in the cleared sections: however,
thi= jnerease was offset by deereases in ter-
restrial plant debris available for insect foode
{ Warren, Wales; Davis, and Dondoroff, 19641,
Tervestrial detritus and |eal fragments are
apparently more nmportant as food to insects
eaten by coho salmon then are aquatic plants
| Chapman and Demory, 19631,

Extensive use of bulldozers on steep slopes
or in <tream channels can cnuse excessive ero-
sion which can be deleterious to salmonid
reproduction. Small streamns with narrow chan-
niels seem most vulnerable o this type of dam.
age. The mean volomes of greambed sedi.
ments smaller than 0.8 mm in Litle North
Fork Noyvo River and Seuth Fork Caspar
Creek exceeded 30% during the logging but
probably were less during the salmon snd
steplhead spawning periods (Burms, 19701,
Had fine sediments remained this abundant
after the spawning, salmonid survival to emer-
genve wauld probably have averaged less than
100 (Hall and Lante, 19691, Building roads
pway from the stream (viz., Bummer Lake
Creek !, or leaving a bulfer sirip fviz.. South
Fork Yager Creek) 1o intercept sediments and
slash protects the stream habitat. Seeding the
disturhed areas with grass (viz., South Fork
Caspar Creek ) mitigates the damage. Stresm-
bedd compartion which prevents the digging of
renlds or impairs the emergence of fry was not
abserved in the California streams studied. but
has heen oheerved in other California streams:
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Excessive erasion from logging Trequently Tills
puals necessary for the rearing of larger sal-
monids ( Fisk, Gerstung, Hansen, and Thomas,
1a61. Pools filled with sediment in Little
North Fork Novo Hiver and South Fork Cas
par Creek were seoured during each winter
after the read construction and logging, thus
providing adequate living space the following
vear. However, both streams built up numer-
aus sediment bore, thus forming unstable
streambeds with consideralile gravel movement
during periods of high streamflow. Extensive
streambed movement is not unasual for Cali-
fornia stream=. For example. in unlogged
North Fark Caspar Creek a= much as 2.3 m*
of sediment per hectare of watershed has heen
deposited behind the streamdlow gaging weir
in wsingle vear 1Juy 3. Krammes. UL 5. For
est Bervice. pers. commm. . After road construe-
tion, the greatest amount of sediment deposited
behind the South Fork Caspar Creek weir in
one vear was L7 m* ha.

Logging often resulls in higher peak stream-
flows and more ropid attainment of peaks
{ Hibbery, 1967). High flows accompanying
a large depasition of sediments from side slope
and zrveambank erepzion will cause n orea
deal of strepmbed movement and stream tur.
bidity. Streambed movement can crush and
dislodge developing salmonid ambevos and fry
|James, 1956). Excessive lurbidity i3 es-
pecially condemped by fishermen. since it
limits their fishing days,

Another important consideration is the
time of vear when the logging ocours. Felling
trees into the stream when embryos and fry
are in the gravel is deleterious; since decayving
slush depletes intrazravel dissolved oxyzen
| Hall and Lantz. 19691 or produces eopious
amounts of slime Dacteria  (Sphaerotilus)
which =uffocate developing eges and alevins
(Gurdon and Mavtens, 19691, This empha-
sizes  the importunce of keeping excessive
amuunts of slash out of streams, Because most
of thiz elash was removed after the logging,
ilissulved oxvgen concentrations in the Califor-
nia streams studied were generally al zatura.
tion, The most desirable practice is to keep
all timber out of the stream. In my fnvestiga-
tions. the major reason bulldozers entered
stream rhannels was to remove logging debriz,

Anuther reason for keeping Hmber out of
stroams is to provenl the continual formation
of log jams. Few logzers remove all lrees.
limbs, and other debris to above the high
water level, Usually streams have to be cleared
alter each winter, ginee high water washez ma.
terials back into the stream, where they ac.
comulate and form new barriers to fish migra.
ton,

Sustained logzing and associated road con-
struction over a period of many years do not
afford either the stream or the fish population
i chanee to recover. Logging aperations on the
California streams studied were usually limited
to wne =egeon and to oply @ =mall fraction of
the total watershed. Tlad the watersheds heen
more extensively logzed, changes may have
been more severe,  Prolonged disturbances
|viz.. Little North Fork Noyo River) damage
stream habitat and fish populations, Legging
operations should be completed in the short-
est time possible and then the watershed left
to recover. South Fork Caspar Creek re-
eovered quite rapidly from extensive stream
dumage, althoagh tecovery may have beeny
accelerated by streamside fertilization and
seeding and by scheduling the major logging
vperation after the stream had récovered from
the rood eonstruction, My studies and those
in Oregon demonstrate that coho salmon and
steelhead Lrout are resilient fish, able to com.
pensate for adversities. Genernlly, the yields
ol downsiream migrants were not drastically
reduced and juvenile populations recovered
rapidly. In a clear cut operation in-a Douglas
fir watershed in Orezon. the numbers of juve-
nile voho emigrating to the oeean during the
two vears after the lngging were within the
range of varimion recorded before the logaing
(Hull and Lante, 1909, Some fish killed iy
the summer during the logging would die dur.
ing this perivd. anyway, In the summer, when
pupulations are lacge and mortality is great,
the Impact of logzing is not as severe as It =
in the period Tollowing population adjustment
to steeam carrving capacity. In the fall and
spring, when smolis are preparing for their
ilownatream migration, the: added mortality
catsed by logaing coulid hoave sevious cop-
sequences. The loss of vearling and older fish
killed during this period would have a direct
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effect upon smolt velds. [n some of the Cali-

fornta streams studied (Bummer Lake Creek:

and South Fork Caspar Creek). there were
fewsr vearling amd older trout ahler the log-
ging. The impact of this decrease on smolt
yields is mot well understood since the loss of
older trout may be mitigated by the increased
growih and eurvival of the remaining fish.
However, it is known that the larger, older
smolts have the highest ocean survival {Shap-
ovaloy and Taft, 1954). The prime objective
of protecting anadromous fish streams from
adverse watprshed nse is 1o maintain the qual-
itv and quantity of smolis entering the ocean,
A secondary ohjective is to maintain water
claritv. so that anglers can offeclively fish for

aduls.
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